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NASA TT F-IO,IA6

PHYSIOLOGY OF WATER AND SODIUM CHLORIDE **_

O.Cohnheim, G.Kreglinger, L.Tobler, and O.H.Weber*

Results of experiments on sodium chloride excretion of the

human organism at high altitudes, at physical exertion and

at rest, with low- and high-salt diets, are discussed. So-

dium chloride depletion and concomitant permanent weight

loss was observed only at profuse perspiration. Excessive

chlorine loss led to reduction of gastric HC1 secretion

with resultant muscular fatig_ability due to impaired de-

acidification of the tissues.

In the physiological and medical literature, treating the influence of alti-

tude climate on human and animal organisms, considerabledifferences exist on

the problem whether and in how far the number of red blood corpuscles and the

amount of hemoglobin, per unit volume of the circulating blood, show an increase.

In small animals such as rabbits, rats, and guinea pigs, a considerableincrease

in blood corpuscles has been observed already at elevations below 2000 m, by

Miescher (Bibl.l- 7) and his coworkers; all later researchers, among whom we

merely mention Abderhalden, Fo_, and Giacosa (Bibl.8 - lO), confirmed these

findings. Abderhalden, in this type of animal, observed complete parallelism

between the number of blood corpuscles and the hemoglobin content and found no

difference between peripheral blood or blood taken from the large vessels. The

* From the Monte-Rosa Laboratories, Institute Mosso, Colle dtOlen, and Marghe-
rita Hut.

** Numbers in the margin indicate pagination in the original foreign text.

1966018211-002



NASA TT F-IO,IA6

situation is entirely different in human subjects. Already the very first /63

investigators, belonging to Miescher's school, noted that there was by no means

the same accurate regularity as that observed in rabbits. The increase in blood

corpuscles seemed to be a fact, but no hemoglobin increase could be detected;

this makes it rather difficult to understand that, for many years, erythrocyt-

osis in human subjects had been considered an established fact and was used as

the very basis of the physiological and even of the therapeutic altitude effect.

The reliance on the blood counts was so great that special theories were in-

vented to explain why the hemoglobin did not increase at the same rate as the

erythrocytes. These theories were maintained even in the face of long-time

strenuous refutations of the existence of erythrocytosis in the human organism

at high altitudes. Pertinent investigations in this direction included those by

Zuntz and his followers, according to whom the blood count in the peripheral

blood was unreliable and who never were able to detect a definite increase

(Bibl.ll; with extensive literature references).

The contradictionswith respect to the problem of erythrocytosis apparently

were more or less reconciled in recent investigations by B_rker. This author

(Bibl.12 - 15) demonstrated that the Thoma-Zeiss counter, used until then, pro-

duced excessive values at high elevations above sea level. This was obviously

due to the fact that the evaporation is increased and the blood is concentrated

during the necessarily slow work with the old-type counting chamber. For this

reason, B'drkerdesigned a new type of counter, with which he made detailed in-

vestigations and found that, at an elevation of 1800 m, a minor increase in /6A

blood corpuscles in the human organism took place. In four experimental sub-

Jects, he first found a slight increase, followed by a decrease, and then again

by a slow increase which reached a max_ within 3 - A weeks. The absolute in-
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crease was only _ - 5%, which does exceed (but only slightly) the experimental

error which, according to B_rker, is not more than 2.5%. It is quite obvious

that an increase of this type would not be specificall7 regarded had it not been

for the fact that, with the inadequate earlier methods, a greater increase had

been recorded.

In earlier times, much greater increases had been observed at higher alti-

tudes (Bibl.16; a further compilation of literature data for the Results of

Physiology, 1912, by Cohnheim is in printing). However, these observations were

not confirmed later; for example, certain data on a rapid increase in blood

corpuscles during balloon ascents had to be corrected later (Bibl.17). Cohnheim

and Kreglinger (Bibl.18) determined the hemoglobin content in hummn blood with

the Haldane apparatus and found no increase at elevations of 2900 and ASO0 m,

within 12 days. The same instrument was used by Masing and Morawitz (Bibl.19)

on the Colle dtOlen, by Douglas (Bibl.20) in Teneriffa, and by Ward (Bibl.Zl) om

the Monte Rosa. Masing and Morawltz detected an increase of about 5%, while

Douglas found that the oxygen combination increased from 18 to 20% for one of

the observers and much less distinctly for the other. Ward reported that the

hemoglobin content, which was on the average lO1 in London, increased to

98 - 106 in Zermatt, and to 107 - 115 on the Margherita Hut. This means that

slight increases are recorded even with these determination methods, although

there are always intermediatevalues that show no increase whatsoever. However,

since other authors [for example, Fuchs (Bibl.22)] reported a hemoglobin rise /65

in human subjects in high mountains, we believed it advisable to make simultane-

ous determinations of erythrocyte number and hemoglobin amount at high altitudes,

using different methods, so as to eliminate or explain the discrepancies.

From July 31 to August ]3, 1911, we stayed at the Colle dtOlen Laboratory

3
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and, a part of this time (Aug.3 - 6), at the Margherita Hut. We wish to express

our appreciation at this point to the director of the Institute Mosso, Dr.Aggaz-

. zotti, for his accommodating and willing cooperation. We also are grateful to

the German and Austrian Alpine Club for a financial contribution. This enabled

us to simultaneouslyuse and compare the more important appara+us for determin-

ing the blood concentration.

For future visitors to the Institute Mosso it might be of interest that we

donated all apparatus to the director of the Institute and that the Laboratory

now possesses, in addition to the old-type Thoma-Zeiss counter, the recent modi-

fication by B_rker as well as the Sahli, l{aldane,Autenrieth, K_nigsberger, and

Gr_tzner apparatus.

The participants in the experiments were:

O.Cohnheim, age 38, height 171 cm, weight 8_ kg;

G.Kreglinger, age 59, height 186 cm, weight 78 kg;

L.Tobler, age 3_, height 175 cm, weight 65 kg;

O.Weber, age 35, height 166 cm, weight 6_ kg.

All of us were used to the mountains, but were entire_y untra_led at the

beginning of the experiments.

The blood tests were first made on ourselves. We usually took the blood

from the fingertip. The cut, with the scarifier, was made sufficiently large to

obtain an amount of blood sufficient for & or 5 simultaneous determinations.

The first drop of blood was discarded. We are convinced that this was the best

manner for determining the true hemoglobin content of the circulating blood, but

refer here also to the determinations by Cohnheim and Kreglinger according to

whom either maximum or minimum blood circulation in the skin (effect of heat or

cold) has no influence on the hemoglobin value of the sampled blood. We would

1966018211-005



like to mention specifically that this accuracy probably is true only for the

fingertip which contains many more blood vessels than most other parts of the

' skin. The fingertip has such a dense capillary network that it is imn_terlal if

actually a few vasa serosa were interspersed here; incidentally, such vasa were

never reliably observed in human subjects. It is known that the fingertips also

contain arteriovenous anastomoses, which could be pierced accidentall_.

The blood count (Tobler) was made with the B_rker counter, always counting

I00 squares. Of the hemoglobin determination methods used by us, we believe

that the most reliable values are obtained with the Haldane apparatus in which

case, however, it must be taken into consideration that one of us who made these

determinations (Cohnheim) was especially familiar with the apparatus. The re-

cent objection against the reliability of the Haldane method, raised by Barcroft

(Bibl.23 - 25) in his newest findings, is not valid since the maximum saturation

of hemoglobin with carbon monoxide is not influenced by the variations in the

dissociation curve described by Barcroft. Naturall_, no manufactured gas was

available at the Colle d'Olen; we prepared carbon monoxide by heating oxalic

acid with sulfuric acid and absorbing the carbon dioxide in caustic soda solu-

tion; the gas was stored in a flask from which we removed it by means of a pi-

pette. This permitted determinations also outside of the laboratory. The read-

ings are direct values and, as is general_ known, refer to a normal content of

the blood of I00. We had two test tubes and two control tubes available, which

all gave the same values.

For the determinationswith Sahlits apparatus (Kreglinger, Tobler), we had

two units available. It is known that Sahlits apparatus is so calibrated that

the number 80 refers to normal hemoglobin content. We have given the actual

readings but also converted them at a ratio of 80:100, to permit a convenient

5

1966018211-006



comparison with the I{aldanefigures. It was found that the agreement was excel-

lent in the majority of cases. B_rker (Bibl.26), calibrated the Sahli apparatus

to absolute hemoglobin content and reported that the absolute hemoglobin con-

tent is obtained on multip_Lug the reading by O.173. For a value of 80, this

gives a hemoglobin content of 13.8%. _=heHaldane apparatus is so calibrated i

18.5_. It isthat its value of I00 corresponds to an oxygen combining power of

known that 1 gm hemoglobin combines 1.3_ cc oxygen, so that a hemoglobin con-

tent of 13._ will be obtained for the value of lOO in the Haldane apparatus.

The agreement with B_rkerts calibration is excellent.

In Sahlits apparatus, the hemoglobin is converted by hydrochloric acid into

hematin, which is then compared with a standard solution. The same principle is

used for a newly developed apparatus by Autenrieth and K8nigsberger (Bibl.27,

28). In this method, 20 cc blood are mixed with hydrochloric acid. The liquid

is then poured into a small vessel with straight walls which is always filled to

a certain mark; the measurement proceeds as in the Gr_tzner apparatus, by moving

a standard wedge back and forth until both the wedge and the vessel with the

hematin show the same light color. The displacement of the wedge is read off

from a scale, and the corresponding hemoglobin value is taken from a chart fur-

nished with the apparatus. It is also possible to calibrate the a_ _ratus by

other methods. The graph, accompanying the apparatus, is normed to the Sahl_.

apparatus so that the hemoglobin standard is 80. We preferred to give the I
values for the standard of I00. As in all colorimetric determinations, one must |

be familiar with the type of apparatus used. After some training, we obtained

high3_,accurate readings. Since a gradual addition of liquid to the blood solu-

tion is unnecessary here, the apparatus is much more convenient and presents

fewer error sources than the other instruments. The only drawback might be the

6
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considerablewidth of the reservoir, since special care must be taken to have

this reservoir standing level when filling it. Another, more important, objec-

tion is that raised by St_'ubli(Bibl.29). He found that, because of the con-

siderable excess of hydrochloric acid, a darkening of the solution takes place

so that the values will differ, depending on whether the reading was taken im-

mediately after sampling or sometime later. Whether a re@Action in the amount

of hydrochloric acid might eliminate this difficulty cannot be decided at

present. By chance, our own experiments were always so arranged chat we took

the last readings on the Autenrieth and K_nigsberger apparatus, which meant that

the risk of darkening of the solution was not excessive. Individual values that

differed completely from the others could possibly be explained in this n_uer;

however, otherwise the agre_nent was satisfactory.

The results of the blood tests are compiled in Table I. The determinations

in Lausanne were made in the early morning on arising. We arrived by train in

Varallo on the afternoon of Ju_y 30, and the first determinations were made im-

mediately thereafter, several hours after the last meal. I?_ ascent from Alagna

to the Colle d'Olen took place on the afternoon and evening of July 31, and the

first determination atop the mountain was made in the forenoon of the n_t day.

This took place _ hrs after breakfast, following some laboratory work. .All

later determinations on the Colle dtOlen and at the Margherita Hut were made

under the same conditions, with the exception of a few determinations at the Hut

which were made immediately after a strerA_us climb.

These blood tests showed no noticeable increase in hemoglobin and erythro-

cytes at high elevations. Within a period of 12 days, the increase was so nes-

ligible that it did not exceed the error limits. We also made a blood test on

Dr.Aggazzotti who, at that time, had been staying at the Colle dtOlen for about

?
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three weeks. This test showed the following result"

Haldane 105

Sahli 8_:105

8_:105

Autenrieth and K_nigsberger 26:102

F_hrocytes 5,_32,000.

No results of blood tests in the lowland were avail_ble for Dr.Aggazzotti,

but the data were the same as those obtained on ourselves and the same as ex-

pected of a healthy, fairl_,young male at sea level.

In addition, we took blood tests of two dogs. Cohnheim and Kreglinger pos-

tulated the hypothesis that the considerablediscrepancy with respect to rise in

hemoglobin, existing between rabbits and human subjects, must be due to the dlf-

fering evolution of the water _netaboli_. Because of the increased evaporation

at higher altitudes, a greater physical water loss must occur in all animals

that breathe through the lungs. In the Innnanorganimn which, because of the

perspiration, i_ adjusted to water losses, this loss is immed_te_y compeneate_.

In rabbits, however, which have no -_aterdissipation for _nT_oses of heat re-

moval, such a regulatory mechanism is absent or so poo_'_7d_eloped that any

water loss will lead to hemoconcentx_tion. This as_ption would satisfactoril7

explain all observed facts. For a further check, it r_eemeddesirable to make

experiments on dogs, an animal t)_t is able to increase its water dissipation _._
b

for purposes of heat removal by accelerated panting. In the dog, the water die-

sipation takes place as prom._t_vas in man, but in a different manner. In other

animals, such as .4nh_gs and cattle, Abderhalden detected a concentration of the

blood at higher altitudes, but to a much lesser extent than in rabbits and rats.

These animals are so large that they, no doubt, have a physical heat regulation!

8
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however, domesticatedanimals move about so little that the heat regulation by

water evaporation plays no major role here.

We made blood tests on tv_ dogs that had been shipped from Turin to Varallo

(/+51m). In the larger fully grown dog, we tested only blood taken from the ear

vessels.

TILBLEII ___ -

i".'-..i i tyres _

+ +l I IColle d'Olen l+tduy [ 93 70: 88 _6 : 103 --
• • ll_deyI 96 77im 91:m 6.3_%1x)o

In the mualler _*oungdcg, we took blood from the ear in Varallo and during

the first experiment on the Colle dtOlen, while blood from the carotid arter_

was used in the second experiment on the Colle dtOlen.

TABLE III

I

tyres _

,ItrltRO I -- [ 41:*' -- "-

Cello d'Olen t,_ day I I$: 66 69:15 --.

a8148 a,o_ooo• . 8t_d_ 't"9848

This means that, also in the dog, no increase in hemoglobin and erythro- /72

c;-tes,or onl_ a veer negligible increase, is observed. In the smaller dog, the

carotid blood was used for the following additional experiment: The blood was

d_fibrinated and the hemoglobin was determined with the various apparatus avail-

able. For comparison,we diluted lO cc blood with physiological salt solution,

centrifuged the er_+%hrocytesoff, and washed the preparation with salt solution

on the centrifuge. Then, the er_rthrocy_eswere diluted with water and, under

lO
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addition of a large amount of sodium chloride, were coagulated by boiling with

a small amount of acetic acid. The coagulate was washed free of chlorine with

water, shaken with alcohol and ether, dried in the drier to weight constancy,

and then weighed. The coagulate weighed O.721 gm. As mentioned above, the

Haldane and Sahli figures can be used for calculating the hemoglobin content.

According to Haldane (50), 0.69 gm hemoglobin should be present in 10 cc blood,

while the correspondingvalue according to Sahli (38) should be 0.67 gm. In

addition to the hemoglobin, the erythrocytes contain s_all amounts of stroma

protein so that the slightl_vtoo high hemoglobin content is not surprising; the

agreement is fair%v satisfactory and the apparatus readings themselves coincide

ve_T well.

To obtain definite data on the increased t_ter dissipation in human sub-

jects at higher altitudes, we made a number of weighings, in the evening and

r_Drning. At higher altitudes, the weight loss was greater than at sea level.

The figures are combined with those of 1909 in Table IV.

The main result of our blood tests is the fact that, also in this case in

which t_eworked with different methods, no hemoglobin rise on stay in the high

mountains _2s observed. This confirms the results obtained by Cohnheim, Kreg-

linger,l[asing,and Morawitz, so that it can be definitely stated that at alti-

tudes of 2900 and _500 m, over an experimental period of t_o weeks, no physio-

logical hemoglobin increase takes place in either human subjects or dogs. Im-

mediately after strenuousmountain climbing,we observed a decrease in hemo-

globin content, as had already been reported by Cohnheim and Kreglinger. Until

now, this phenomenon has been observed onl_ in mountainous terrain. This agrees

with the statementsby B_vker, to the effect that the blood is extremely labile

in high mountains.

ll
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TABL] IV

l i ,,, l

Cohnheim Kreglin|er Tobler Weber
I I It

I.owland 360 320 m

211 150 In numerous
300 _0 determina- .--

tions
243 _ f]uctuating "=
292 a between

243 -- 150--300

29b --

Colle d'Olen 310 650 150 BOO

510 350 750 44]0

100 550 -- --

330 -- -- --

400 -- -- --

_largh_rit8 Hut 350 200 _50 325

225 6O0 300 350

150 500 250 300

390 44)0 --

34O 250 --

350 3OO -- --

The negative result of these blood tests agrees with the determinations of

the ox_T_enconsumption,made by Durig and coworkers (Bibl.30, specificall_rpp.293

and 3_I_9).T_ieoxygen consumption _,msdistinctly increased at high altitudes but

did not vary even on extended stay (several weeks)" similar._, the partial pres-

sure of o_Tgen and carbon dioxide in the alveolar air remained constant during

the entire time. Douglas and _;ardalso were uuable to observe an adaptation _

of the respiratory metabolism to altitude conditions. Apparently, the human

cr_anism has no regulator7 mechanisms for compensating the decreased oxTgen pres-

sure. Incidentally, it is by no means certain that a hemoconcentration actually

constitutes a useful regulation; in any case, it has never been encountered.

i_aturally,despite these negative findings, it is not impossible that a change

in blood composition might occtu,after years of staying at higher altitudes. The

12
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older French findin[s by Bert and VJault have never been substantiated.

Just as some other authors, we observed a distinct altitude effect in self-

experiments. The effect was not too extensive at the Colle dTOlen although we

all came directly from the lowland and were untrained. The onl_ noticeable

_ptom was an increase in fatiguability of the respiratory muscles, observed

while cleaning and blowing the pipettes. However, on the ascent to the l_rghe-

rita Hut and during the stay there, symptoms of dyspnea, frequently described

since Saussurets time, _;ereobserved. Already after relativel_ mild exertion,

we were fatigued and short of breath; both symptoms disappeared again after

brief resting periods. During the last ascent from the firn field to the hut,

we had to stop every 60 - 100 steps. In the hut, even bending down caused dysp-

nea. During the rest period, especiall_ at night, all participants experienced

changes in _ll-being, with occasional headaches, insomnia, and attacks of palpi-

tation. At times, reluctance to perform phTsical exertion became pronounced.

Surprisingly, Co_nheJJnwho had suffered the least in our experiments t_royears

previously, showed the greatest effect whereas KregLtnger _ms less affected than

two years before. These disorders probably cannot be considered pure altitude

effects; possibly, the antiphysiological state of the physiological laboratory

on the Margherita Hut, specifically the small and poorly ventilated dormitory,

may have been in part responsible.

Cohnheim and Kreglinger (Bibl.IS) observed as early as 1909 that profuse /75

perspiration will lead to such a chlorine loss that a strong chlorine retention

must necessarily occur on the following days, to replenish the depleted reserves;

in addition, the chlorine reserves of the body may be so much exhausted by strong

perspiration that the hydrochloric acid secretion of the stomach will be im-

paired. In our newest experiments, we scheduled an investigation of the conse-
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euences of _tense sodium chloride loss through perspiration, with respect to

the _ter metabolism of the body. Our program consisted in producing profuse

perspirationby several mountain climbings and in replacing this chlorine by ad-

justment of the diet iraa part of the experiment and living on a chlorine-free

diet for the remainder of the experiments. LJescheduled to study the excretion

of water and sodium chloride as wel] as the behavior of the body _2ight.

T_BLE V

I,laC1
gm

I slice bread (63 - 69 gin)........... 0.6

1 tbs. condensed milk ............... 0.19

1 canned sardine .................... 0.29

5 cc Brodo (concentratedmeat broth). 0.3

lO0 _m ham .......................... /_.7

100 gm ham fat ...................... 0.67

in part, the sodium chloride was added to the food; occasionally, _e had to

eat chlorine-containingfoodstuffs whose chlorine content had to be determined

f4rst. For this, portions of the food _2re ashed in the moist state, using the

_]eumannmethod; the liberated hydrochloric acid was absorbed in silver nitrate,

and the chlorine was titrated according to the Volhard process. The data are

given in sodium chloride. The contents are given in Table V.

The chlorine content of the other foodstuffs (fresh meat, sugar, chocolate,

macaroni, canned fruit) :_asdisregarded. The drinking _ter (melted snore)

_as completely free of chlorine, i_e chlorine content in the urine was titrated

according to Volhard (Weber) and is given as sodium chloride.

/e made the following experiments: On July 31, v_ climbed from Alagna to

14
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the Colle d'Olen on the afternoon and evening, usually in the shade. The alti-

tude difference _ms 17OO m; the time required was l_h 55 m and all four of us

ate 20 gm sugar and crackers and drank 280 cc tea (Weber, 330 cc). Table VI

gives the observed weight loss and the weight loss calculated on the basis of

the ingested food, i.e., the true loss from the body. In addition, the percent

of sodium chloride and the absolute content of sodium chloride are given for the

urine of the following night.

TABLE VI

i

I Weight CalculatedI Urine NsCI NaCl

Loss Loss

g_ gm cc */J gm

Cohnheim 1800 2100 3.50 1.25 4.3

Kreglinger I 1800 2100 320 1.2 3.8_

To b i er 1200 1500 295 1.6 4.8
Weber 1500 1850 175 1.1 1.93

On Aug.3, v_ ascended from the Laboratory to the Margherita Hut. The

weather wa_ sunny vritha light breeze; for this reason, the perspiration losses

were somewhat lower than during the ascent in 1909. We started at 4:30 2d_,ar-

riving at the Gnifetti Hut at 7:25 - 7:58 and at the Lysjoch at 10:O8 - 10:35.

Arrival at the top was at 12:21 PM, i.e., a total hiking time of 6 h 51 m, with

a time difference between the individual weighings of about 9 hrs. On the

afternoon of Aug.3, we installed the testing laborator-j;on Aug.Z_,we rested

: mostly and did some laborator_jwork. On both days, our diet contained a _mighed

more or less normal amount of chlorine. After Aug.5, we lived on a _-salt

diet. On Aug.5, Kreglinger and Tobler ascended the Dufour peak. They took /77

6.5 hrs, of which 5.5 were spent in actual climbing. Throughout the period,

there was sunshine but a cold wind, so that the perspiration losses were minimal.

Since the wind did not stop, the two others did not climb the Dufour peak on the

15
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next day while the descent of the first two took place on Aug.6, during which

time they on3_vdrank tea. The lo_¢-chlorinediet was continued until Aug.7. The

results were as follo_ts:

Cohnheim. Ascent: weight loss 3200 gm; 870 gm liquid, LOO _m solid

food, 530 cc urine, 120 gm feces; calculated loss, 3620 gm.

Aug.3, afternoon: 10.!_gm sodium chloride intake;

Aug.1_:3£ gm soditunchloride intake;

Aug.3, afternoon: 218 cc urine, 3J NaC1, 2.2 gm NaC1;

Aug.3 evening to Aug.4 afternoon: 933 cc urine, 0.86% NaC1, 8.0 gm

_!aC1;

Aug.Z_afternoon to Aug.5 morning: 830 cc urine, 0.86% MAC1, 7.1 gm

NaCI;

Low-chlorine diet:

Aug.5 morning to Aug.6 morning: 1.1 gm intake, 980 cc urine,

0.93)_NaC1, 9.1 gm NaC1;

Aug.6 morning to Aug.7 morning: 1.5 gm intake, 530 cc urine,

0.53_ HaCI, 2.8 _m NaCI;

Descent: weight loss 950 gin;calculated loss, llO0 gm.

Kremlin_er. Ascent: weight loss 1650 gm; 515 gm liquid, 385 gm solid

food, 290 cc urine; calculated _ight loss, 2250 gm.

Aug.3, afternoon: lO.& gm NaC1 intake;

Aug./_:3J_.O_n I_aC1intake;

Aug.3, afternoon: 320 cc urine, 0.9_J NaC1, 3.0 _n I_aC1;

Aug.3 eveniug to Aug./_afternoon: 608 cc urine, 1.%_ NaC1,

6.9 gm _JaC1;

Aug.P_evening to Aug.5 morning: 306 cc urine, 1.4;ZNaC1, _.35 gm NaC1.

16
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Low-chlorine diet:

Aug.5 morning to Aug.6 morning: 1.2 gm intake, 760 cc urine, 1.22,;

IJaC1,9.27 gm NaC1;

Aug.6 morning to Aug.7 morning: 2.1 gm intake, 750 cc urine, 0.STJ

IiaC1, 4.3 gm NaC1;

Aug.5, mountain climbing: weight loss 550 gm; 300 gm solid food,

880 gm liquid, 260 cc urine; calculated weight loss, 1_70 gm;

Aug.6, descent: weight loss, 550 gm; calculated loss, 700 gm.

Tobler. Ascent: weight loss, 1650 gin,360 cc urine, 535 gm liquid,

365 gm solid food; calculated loss, 2190 gm.

Aug.3, afternoon: 10.8 gm I_aC1intake;

Aug._: 12.1 gm NaC1 intake;

Aug.3, afternoon: 275 cc urine, 1.1_JNaC1, 3.88 gm NaC1;

Aug.3 evening to Aug./_afternoon: 602 cc urine, 1.2_ NaC1,

7.3 gm NaC1;

Aug.Z_evening to Aug.5 morning: &90 cc urine, 1.O6>_IIaC1, 5.2 gm

NaC1.

Low-chlorine diet:

Aug.5 morning to Aug.6 morning: 1.2 gm intake, 675 cc urine, 1.13%

., NaCI, 7.6 gm NaCI;

Aug.6 morning to Aug.7 morning: 2.1 gm intake, 660 cc urine, 0.6%
I

NaC1, A.O gm NaC1;

Aug.5, mountain climbing: weight loss, 950 gm, 280 cc urine,

80 gm feces, 250 gm solid food, 510 gm liquid; calculated loss,

1350gin.

Aug.6, descent: weight loss, 550 gin;calculated loss 625 gin.
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?Jeber. Ueight loss, 2000 gm; 750 gm liquid, 280 gm solid food, I_50cc

urine; calculated loss, 2580 gin.

Aug.3, afternoon: intake, 6.9 gm ITaC1;

Aug./.:intake, _.8 gm iiaC1;

Au._.3,excretion: no urine in the afternoon;

Aug.3 evenin_ to Aug./_afternoon: 950 cc urine, O.67_ i;aC1,

6.37 ,_m!_aCl:

Aug.1+afternoon to Aug.5 morning: 550 cc urine, 1.07j NaC1,

5.9 gm 1_aC1.

Lo_-chlorine diet:

Aug.5 morning to Aug.6 morning: 1.& gm intake, 970 cc urine,

Aug.6 morning to Aug.7 morning: 2.1 gm intake, A90 cc urine,

0.2Z_ ifaCl, 1.h gm NaC1.

Descent: weight loss, 600 gm; calculated loss, 750 gm.

On Aug.lO, we undertook a climbing expedition around the Corno _o_so and

to the Punta Straling; the descent took place to ]_ke Gabiet, where we swam in

th_ lake and then returned to the Laboratory. In all, we were lO hrs on the /79

wa_ and lived on a low-salt diet on this and on the follo_?lngdays.

Co._uhe_m. :Jeightloss, 3350 gin;282 cc urine, 2315 gm liquid, _20 gm

solid food; calculated loss, 58OO gm. Urine until evening, 69 cc,

0.I_31]l!aC1,0.3 gm _aC1;

;;ighttime:390 cc urine, O.1].%_aC1, O.A gm NaC1;

Aug.ll - 12, morning: 700 cc urine, O.0_;_t_aC1,0.35 _n NaC1;

Aug.lO: 0.9 gm intake;

Aug.ll: 0.9 gm _;aC1intake;
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Kreglin_er. Weight loss, 3000 gm; dO cc tirade,680 gm liquid, 250 gm

solid food; calculated loss, 3900 gm. Urine until Aug.ll in the

morning, 6_0 cc, 0.1_5_ _TaCl,2.9 gm I,TaCI;

Aug.ll - 12, morning: 820 cc urine, O.22J _laC1,1.8 gm NaC1;

Aug.lO: 1.0 gm intake;

Aug.ll: 0.9 gm _;aC1intake.

Tobler. Weight loss, 2800 gm_ 175 cc urine, 8/_Ogm liquid, 370 gm

solid food; calculated loss, 3730 gm;

Urine to evening, 205 cc, 1.05% NaC1, 2.15 gm NaC1;

Urine at night, 210 cc, O.22%_oNaC1, O./_6gm NaCI;

Aug.ll - 12, morning: 705 cc urine, 0.28_JI_aC1,1.97 gm NaC1;

Aug.lO: 0.9 gm NaC1 intake;

Aug.ll: 0.9 gm intake.

'i_efourth of us (Weber) was forced to leave suddenly on the evening of

Aug.9, for professional reasons, and could not participate in this climb.

The figures for the intake and excretion of sodium chloride, immediately

after ascent to the IL_rgheritaHut, i.e., during a high-salt diet, showed a

strong chlorine retention (exactly as i_ithe experiments of 1909), obviously

having the function of replenishing the chlorine lost through the perspiration.

Our data and those of 1909 are compiled in Table VII. The figures refer to the

afternoon of the ascent and to the following day, up to the morning thereafter.

On that morning, we changed to a low-salt diet since, _ccording to the experi-

ence gained in 1909, a substantial chlorine retention was no longer to be ex-

pected after the third day. The calculated loss is entered for each test _Q

subject.

This retention would be even more pronounced, except for the peculiar

19
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t _- . , , ! I p

I I Calculated
Intake Excretion Betention Loss

II • I Ill

Cohnheim 1909 1H.r, 10.35 8.15 400(9

• 1911 24.4 17.3 7.1 3_20

gr_tlinler 1909 21.5 10.9 10.6 8870

• 1911 94.4, 14.25 10.16 2250

, II.I_9 18.5 4.17 14.&q fd_JOO
Kestner 1909 lg.5 g.68 9.82 4100
T_bler 1911 22.9 16.4 G.5 2190
Wuber 1911 17.7 12.3 5.4 2580

phenomenon that the kidneys, even in the face of a chlorine deficiency, con-

Linue to secrete chlorine. Y,leabove data clearly prove this point. After the

first ascent to the Cello dtOlen, on a regular diet, the urine contained

1.1- 1.6/_l_aC[:the urine of Aug.3 and Z_,i.e., during chlorine retention,

still contained 1/;sodium chloride. Even in the case of an almost salt-free

diet, the _odium chloride values remained above 0.5,_and decreased only slowly.

(InAug.lO and ll, salt deficiency and salt losses combined so that the total

content dropped to 0.3, 0.22, and 0.05,_but then remained at this level, meaning

that the kidne[-activity further impaired the physical state of the body and

removed still more chlorine from the already depleted reserves. Gr_nwald

(Dibl.31) had proved on rabbits that the sodium chloride excretion does not stop

on depletion of salt reserves. Diuresis will increase the chlorine excretion

and c!ms m_}:become harmful to the animal bod_:. It seems that the secretion of

an entirely salt-free urine is a function difficult to perform by the kidney, a

fact which should be taken into consideration in any theory on renal function.

As mentioned above, we planned to study the behavior of water during chlor-

ine deYicienc_,. Clinical data collected over recent years have indicated

ti_atsodium c',loride and water are intimateS_ connected in the bod_-functions.
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o
One of us (Tobler) made animal experiments (Bibl.32) and expe1_ments on infants

(Bibl.33) in which b_ studied the behavior of the body water and salts during

sudden weight losses which, as is generally knov_, are mainly due to water loss.

Tobler differentiated three phases of water dissipation: A portion of the water

may be excreted by the body without entraining other substances,which will

lead to a concentration of the tissue fluids. Tobler designated this portion

as "water of concentration". A second portion of the _ater is excreted by the

body, together with a certain amount of salt; e_perience in pediatrics b_s

shown that tIuis_mter can be reabsorbed by the body onl_iin combinationwith

the corresponding amount of salts, specificall_of sodium chloride. This por-

tion was designated by Tobler as "water of reduction". _ third portion of

vmter can be excreted by the body only _mder concomitant destruction of the body

tissues, and no c, pensation of the loss within a short period of time is pos-

sible. Tobler designated this portion as "vmter of destruction". This latter

portion naturally is not in question in healthy individuals with unlimited _.mter

intake; conversely, the second portion is very much in question. Ourin_ per-

spiration, the water excreted by the bod7 is not pure water but a combination

of water and sodium chloride. This raised the question as to the behavior of

the organi_n if nc sodium chloride were offered for compensating these weight

. losses; to settle the question, _ investigated our body weights at ordinary,

i.e., high-salt, and at low-salt diet, in ;@_ichweight losses were induced by

perspirationwhich the body then tried to make up again during the subsequent

days. The weight losses by perspiration, including directly observed losses

and calculated lo_ses, were g_ven above. The rate of weight recovery is shown

in Table VIII. The upper figures, until Aug.5 (up to the horizontal line) /82

refer to a chlorine-containingdiet, while the figures below this line refer to
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a chlorine-freediet. The weighings were made without Liothing.

An elimination of sodium chloride from the diet, as is generally known,

_ill lead to a weight loss even ;_ithoutperspiration; on Aug.5 and 6 we actual_z

observed a slight weight loss in Cohnheim and ]Jeberwho had done no work on

Au3.5. rL"neloss _as mu_h more distinct Ln the t_,_cother subjects who had

climbed the ]_four pea]-_o.-_this da_T. Another loss _s observed in all four

subjects on Aug.6, during the ascent to the Colle dtOlen. Cob_nheimdid not feel

well on this da_zand thus ate less. A ccnsiderab!ev._ightloss :.msproduced

by the climb to the Punte Straling. As mentioned above, "_Jeberdid not partici-

pate in this; the three o_hers had accompanied .himon the preceding evening to

the Alp Sevii and then returned to the laboratory,. The di_ference in altitude

is about I000 m, and this hike was the reason for the fact that the morning

weight on Au_.lO lindnot 7et returned to its previous level. Therefore, the

weight losses, on the following day, on a chlorine-free diet, start below the

zero point; the curves are less distinct but the chlorine depletion vms better

substantiated. In the accompar_ing diagram, the course o±_ the _eights is

plotted; the solid lines refer to a clLlorine-containingand the broken lines to

a chlorine-freediet.

The curves, even more distinctl_Tthan the Table, show the great diz_ference

_ tl_eslope of the weight curve for chlorine-cor_tai_lingand chlorine-free diets.

in t_lechlorine-containingdiet, _;hedrop in weight, no matter how large, is

recovered completel7 or almost complete.]_by the next morning. Frequently, the

initial _reightis exceeded daring a da__ of rest, presumably because of the in-

creas_ in muscle tissue a_ter muscular exertion. In low-salt diets, the weight

losses due to perspiration cannot be ccmpensated. The _,_ightre-increases only

slowly, despite _mter intake and despite unlimited food intake. Consequently,
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losses due to perspiration have the same result as those obtained in the _._

wei#_:_tdrops found by Tobler, meaning that the _,_ter of reduction can be re-

placed only if the corresponding amount of salt is simultaneousl_- supplied.

These investigations explain two phenomena _rhich had never been full2

understood. _Zuntzand Schtunburg (Bibl.3/_), during strenuous exercise connected

with profuse perspiration, observed excretion of large quantities of highly

dilute urine. _ne: asstuned that this re_oves toxic material from the body,

_._h]chhad been formed during _uscu].ar _ork. On the basis of otu_ observations,

_e ass_ue that this constitutes the excretion of water which had been drunk /85

tc still existing thirst but could nct be converted by the body because of a

deficiency- of salt intake. On Aug.8 in the morning, i.e., after the first night

follo_d.u#"the chlorine-low period, we observed the excretion of extremely large

amounts of urine, obvious_, due to the increased water intake during extreme

thirst, _vnich could not be retained in the body because oP the lack of the

necessary saiL. ?his is directly- connected with a second phenomenon, observed
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by many mountain climbers and tourists, speci2ical!_rduring the initial period

of their climb. It will not happen to the more experienced tourist, but novices

occasiona]ly exert themselves excessively and quench their thirst by drinking

--_ e __ter wherever _n y see a spring or brook _rlthout,hov_ve:_,true7 satisfying

their thirst, l_ather,as the popular saying goes, the more one drinks the more

thirsty one becomes. Obviously, this is due to the fact that, because of the

excessive salt loss with the perspiration, the lost _ter of reduction cannot

be assimi7_ted again. As soon as food is taken, which usually supplies some

salt, the thirst vrlllbe quenched. While hiking, however, it is difficult to

still oneTs thirst, because of the lack of salt. We made an attempt to eat an

increased amount of salt during strenuous mountain climbing and had the sub-

jective feeling that our thirst was easier to quench.

If our interpretation of this latter phenomenon is correct, an interesting

conclusion for the general sensation of thirst could be dra_, namely, that this

sensation has to do with the conditions of the _ter reserves in the body rather

than with an increased concentration of the blood.

A stud_ of the curves shows that, despite the chlorine deficiency, the

" assimilation of the water in the body is not completely canceled. The broken

lines, corresponding to a chlorine-low diet, rise more slowly than the normal 8_

. curves, but do show an increase. This means that, to a certain extent, the

body is able to assimilate water without the corresponding amount of salt, the

so-calledwater of concentration mentioned by Tobler. In defining the water of

concentration,it follows that water and salt are not at an absolutely rigid

ratio. If one would subscribe to the older concepts as to the presence of salt

solutions as liquids, a change in the osmotic pressure of this liquid would

have to be possible. The much more logical concept by M.H.Fischer (Bibl.35)
b
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who considered the _mter as being bound to the colloids as swelling v_ter, be-

lieved that,the salt influences the amount of bound v_ter. Our experiments

indicate that an independence exists _.rithin certain limits.

Anotiler consequence of salt loss had been observed originally by Cohnhei_

and I[reglinger. They found that the gastric hydrochloric acid secretion is

reduced because of _he chlorine losses, fobler and Colmheim (Bibl.36, 37), in

e:cperiments on dogs, found that chlorine losses readily interfere _rith the

_iydrochloric acid secretion; '_bsemann and Nerrmannsdorfer (Bibl.38, 39) were

able to confi_w_these findings on a voluminous _:perimental material. In human

subjecbs, _._esalt reserves are relatively large (Bibl.&O) but practical experi-

ence gained at tb_t t_e indicated that these reserves can be exhausted by

profuse perspiraticn. Another consequence of reduced gastric hydrochloric acid

secretion should be mentioned here (Bibl.l_.l). If the secretion of the acid

gastric juice becomes less, the hod.7 loses the ability of de-acidification and

thus sh_fts the equilibrium of the juice toward the alkaline side. The de-

acidification of the body by the gastric juice secretion has the function of

counteracting bod_,fatigue which is partly accompanied by the formation of i

lacLic acid in the muscles; no doubt, some of the fatigue s_ptoms after strenu-

ous muscular work have to do with these findings.

'i_heassumption of such a correlation is specifical%v substantiated by con-

diticns in high mountains where, according to the findings by Galeotti and

2_rcroft (Bibl.'_2, J_3), organic acids - predominantly lactic acid- are formed

in t_e blood. Ue are able to contribute to the knowledge on the occurrence of

such substances in the urine. CohnheLm and Kreglinger observed that bheir

urine,, after strenuous mxercise at high altitudes, reduced permanganate_ _ re-

peated t'_is test. _ total of lO cc urine was mixed with 3 gm conc. sulfuric
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acid, to which gradually i_ solution of potas3ium permanganate _ms added until

the permanganate was just about reduced. Table IX shows the results, in which

the figm'es give the cubic centimeters of permanganate :_olution.

TABLE IX

, . i i , , , i.,iin

Cohn- Kreg- Tobler Webor
helm linger

Aug. 3, ascent 17 17 17 --

Aug.3-4, night 16 27 26 15

Aug.4-5, rest -- 24 -- --

Aug.5-6, rest 14. -- -- 9

Aug.5-6, ascent -- 24, 2._ --

Aug._-7, rest 2_ 92 19 16

Aug. 10-11, ascent 39 37 4,2 --

Aug. 10-11, night urine 39 -- 37 --

Aug. II-12, rest 18 9 28 --

Aug. 12-13, rest 12 II 21 --

We suspected first that substances of the acetone group were involved ___

here and therefore mixed that portion of urine which showed especiall7 strong

reductions with iodine solution and sodium _Tdroxide. There was a slight odor

of iodoform; on longer standing, a slight yellowish precipitate formed. IIow-

ever, the quantity in question can only be axtre_le_: slight, in 50 cc urine,

we titrated the consumption of iodine with thiosulfate, according to Embden ts
J

instruction (Bibl.g_); however, the consumption barely exceeded the error limits.

The urines showed negative sugar reaction, and the observations by Barcroft

seem to indicate that lactic acid was in question here.
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